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POPULATIONS OF AEDES AEGYPTI FROM VENEZUELA
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ABSTRACT, Resistance to the organophosphates (OP) temephos, malathion, and pirimiphos methyl,
and the carbamate propoxur was found to be low (<5-fold) in 3 Aedes aegypti populations collected from
Falcon and Aragua states of Venezuela. Resistance to chlorpyrifos (OP), permethrin, and X-cyhalothrin
(pyrethroids) was moderate (7-fold) in both populations. Mechanisms of resistance were investigated with
the synergists piperonyl butoxide (mixed function oxidase inhibitor) and S, S, S{ributyl phosphorothioate
(DEE an esterase inhibitor). Nonspecific esterase and oxidase enzymes played a significant role in OP
and carbamate resistance, respectively. Resistance to pyrethroid insecticides was not affected by DEF or
piperonyl butoxide. This suggested the presence of another mechanism such as altered target site sensi-
tivity (kdr). Biochemical tests showed significantly greater amounts of esterase activity in field strains,
whereas insensitive acetylcholinesterase was not involved in either OP or carbamate resistance. These
results must be considered in future control programs for Ae. aegypti, because OPs and pyrethroids are
cunently used in vector control in most countries of Central and South America.
INTRODUCTION
Yellow fever, dengue, and its severe form
dengue hemorrhagic fever (DHF), transmitted
by Aedes aegypti (Linn.), have become an im-
portant worldwide public health problem. Den-
gue and DHF are rapidly spreading into new ar-
eas where millions of cases occur each year
(Gubler 1989) and ca.2billion people are at risk
of infection (Tabachnick 1991). In the Americas,
DHF appeared in Cuba in 1981, with ca.
344,OW cases and 158 deaths (Tonn et al. 1982),
followed by an outbreak of dengue in Venezuela
in 1989 with 12,000 cases of which 3,108 were
DHE This outbreak produced 73 fatalities
(World Health Organization l99l). Subsequent-
ly, continuous outbreaks of dengue and DHF
have been reported from Venezuela each year
(World Health Organization 1993a). Although
reduction of sources in which the mosquitoes
can develop, such as water tanks, cisterns, and
used tires, can keep vector populations low, the
use of insecticides is often necessary. The pri-
mary insecticides used in Venezuela are organ-
ophosphates (OP), such as temephos for larval
control, and malathion mainly in thermal fog-
gers and ultra-low volume sprays for adult con-
trol. Additionally, pyrethroids are often incor-
porated in the control programs.
Unfortunately, Ae. aegypti has demonstrated
the ability to develop resistance to a wide variety
of organochlorine, OP, carbamate, and pyre-
throid insecticides (Georghiou and Lagunes-Te-
jeda 1991). Insecticide resistance of this vector
I Department of Entomology, University of Califor-
nia, Riverside, CA 92521.
2 Present address: Ministerio de Sanidad y Asisten-
cia Social, Apartado 454O, Maracay, Venezuela.
in Venezuela has been documented for DDT
(Quarterman and Schoof 1958), dieldrin/BHC
(Mouchet 1967'), OP, and carbamate insecticides
(Georghiou et al. 1987).
This study has 2 main objectives: character-
ization of the status of resistance to OP, carba-
mate, and pyrethroid insecticides in Ae. aegypti
in Venezuela, and identification of the mecha-
nisms responsible for resistance.
MATERIALS AND METHODS
Field strains of Ae. aegypti werc collected as
eggs from Coro (Falcon State) and Maracay
(Aragua State) in 1992 and maintained free of
insecticide exposure in the laboratory at the Uni
versity of California, Riverside (UCR). A long-
established laboratory strain, Rock, of Caribbean
origin (provided by G. B. Craig, University of
Notre Dame, Notre Dame, IN) was used as a
susceptible reference strain. Strains were reared
as described by Gerberg (1967). Eggs were col-
lected, dried, and stored at room temperature for
a minimum of 1 wk.
Bioassay tests for resistance: Tests were
made on early 4th-instar larvae of the F, gen-
erations using the methods of Georghiou et al.
(1966,1987). Twenty early 4th-instar larvae of
uniform size were placed in 6-oz. (177-ml)
waxed cups containing 99 ml of tap water and
I ml of insecticide solution of the desired con-
centration in acetone. Five or more concentra-
tions of each insecticide, giving between 2 and
98Vo mortality, were tested on 5 different days.
Mortality was read 24 h after insecticide treat-
ment. Data were subjected to probit analysis
(Finney l97l) using a basic program (Raymond
1985). Resistance ratios were calculated at LC*
by comparison to the Rock strain.
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Table 1. Comparative mortality due to
insecticides at diagnostic concentrations against
early 4th-instar larvae of Aedes aegypti,
susceptible (Rock) and field (Coro and
"table 2. Comparative toxicity of 5
insecticides at diagnostic concentrations using
World Health Organization filter paper assays
of adult Aedes aegypti, susceptible (Rock) and
Diag-
nostic
conc.
(mg/
liter)
7o mortality
a t 2 4 h
Mara-
Rock Coro cay
Diag- Expo-
nostic sure
Vo mortality
a t 2 4 h
lnsecticider
dose time Mara-
(7o) (h) Rock Coroz cay2Insecticide
DDTI
Malathion2
Fenitrothionl
Fenthiont
Temephos2
Chlorpyrifos' 
Pirimiphos-methyl' 
Propoxur2
Permethrin2
\-Cyhalothrin' 
0.05 100, o 12
0.40 100 78 9l
0.06 r00 99 100
0.05 r00 99 100
o.o2 100 84 98
o.o2 100 26 72
0.05 100 9r 93
3.00 100 72 75
0.0r r00 53 57
0.ot 100 37 6l
'Diagnostic concentration based on World Health Organi-
zation (1986).
.o#:tno.,t" 
concentration based on bioassays on Rock
Synergism tests.' Bioassay procedures involv-
ing synergists were as described above except
that 0.5 ml of the desired concentration of syn-
ergist was applied to each cup followed by ap-
plication of the desired concentration of insec-
ticide. The final volume of acetone per cup, in-
cluding control, was I ml. The synergists used
were S, S, S-tributyl phosphorothioate (DEF)
and piperonyl butoxide (pb). These were em-
ployed at concentrations of 0.3 and 5 mglliter,
respectively, with chlorpyrifos, propoxur, and
permethrin. For \-cyhalothrin, it was necessary
to reduce synergist concentrations to 0.03 and
0.5 mg/liter, respectively.
Diagnostic dose tests: In addition to complete
bioassays, single-dose diagnostic tests were con-
ducted as proposed by the World Health Orga-
nization (1981, 1986, 1993b). Insecticides and
concentrations per liter tested on larvae were:
DDT 0.05 mg, chlorpyrifos 0.01 mg, malathion
1.0 mg, temephos 0.02 mg, fenthion 0.05 mg,
fenitrothion 0.06 mg, pirimiphos methyl 0.05
mg, propoxur 3.0 mg, permethrin 0.01 mg, and
\-cyhalothrin 0.01 mg. Larvae surviving a 24-h
exposure to these concentrations may be sus-
pected of being resistant. Diagnostic tests were
also conducted on adults at the following con-
centrations and periods of exposure: malathion
O.57o/2 h, fenitrothion lVol7 h, propoxtr l%oll
h, permethrin O.25Vol7 h, and \-cyhalothrin
O.O3Voll  h.
Malathion
Fenitrothion
Propoxur
Permethrin
\-Cyhalothrin
0 .5
I
I
o.25
0.03
94
100
loo
100
100
78 65
94 99
60 44
25 26
75 79
rDiagnostic doses based on World Health Organization( l993b).
' n = ll9-230 per insecticide.
Biochemical tests for resistance: The pres-
ence of nonspecific esterases was identified on
singf e adult mosquitoes less than 24 h old by
the filter paper test method of Pasteur and
Georghiou (1989) and by the microtiter plate
assay described by Dary et al.  (1990).
Filter paper test: Frozen adult mosquitoes
were homogenized in 100 ml of 0. I M phos-
phate buffer (pH 6.5) containing O.5Vo Triton
X-100. Two microliters of each homogenate
were transferred with an automatic pipette
onto Whatman #1 filter paper. The paper was
immersed first in a solution of c-naphthyl ac-
etate (a-NA) and then in a solution of Fast
Garnet GBC salt. The presence of esterases in
individual mosquitoes was revealed by devel-
opment of a purple spot at the site of each
deposit on the filter paper. The staining inten-
sity of each spot was measured using a den-
sitometer (RXC, Tobias Associates, Ivyland,
PA) with a red filter.
Microtiter plate assays: The presence of es-
terases was also investigated in frozen adult
mosquitoes that were homogenized in IOO ml
of esterase buffer (pH 6.5) containing O.5Vo Tri-
ton X-100 (Pierce, Rockford, IL). Fifty microl-
iters of each sample were loaded in a 96-well
microtiter plate and 50 ml of buffer were used
as a blank; a-NA was used as substrate. Non-
specific esterases hydrolyzed c-naphthyl ace-
tate into ct-naphthol, which reacted with Fast
Garnet GBC salt to produce a change in absor-
bance of the solution. Activity was measured
spectrophotometrically after lO min at 550 nm
using a microtiter plate reader (model 2550,
Bio-Rad. Richmond. CA).
The presence of reduced sensitivity of ace-
tylcholinesterase (AChE) was investigated ac-
cording to a microtiter plate assay described by
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Table 3. Insecticide susceptibility of early 4th-instar larvae of Aedes aegypti susceptible (Rock)
and field (Coro and Maracay) strains.
Strain
Insecticide Rock Coro Maracay
3t7
Temephos LCnr'
w2
Slope t SE
R&r'
Malathion LC'
FL
Slope + SE
RRr.
Pirimiphos-methyl LC'
FL
Slope + SE
RRn.
Chlorpyrifos LCn,
FL
Slope + SE
RR,,
Propoxur LCn,
FL
Slope + SE
R&'
Permethrin LC,'
FL
Slope + SE
RRn,
\-Cyhalothrin LCn,
FL
Slope + SE
R&,
o.0 l  I
(0.0097-0.013)
5.6 -r O.42
o.23
(o.21-O.26)
5 .16  +  O .32
o.o25
(o.0234.O29)
4.79 'r O.32
0.0083
(0.0072t-O.OO99)
5.50 -r O.47
1 . 2
(1 . r4 -1 .48 )
6.71 + 0.64
0.0039
(0.0035-o.0046)
3.77 -r O.25
0.0053
(0.0044-0.0066)
2.55 - r  O. t4
o.o32
(0.028-0.040)
3.33 + O.21
2.94
0.65
(0.58--0.76)
4.16 -F 0.30
2.84
0.060
(0.052$-O.070)
4.40 -+ O.27
2.44
0.059
(0.025-0.14)
4.55 -r 1.38
7 .14
5.6
(4.99-6.s4)
3.85 -r O.24
4.74
o.o24(o.o2r4.o29)
4.08 -r 0.30
6.24
0.036
(0.031-0.046)
2.99 1 0.19
6.84
0.015
(0.014-o.019)
4.06 -r O.28
1.44
o.47
(0.31-O.75)
4.44 '+ 0.64
2.O4
0.057
(0.035-0.096)
3.61 ! O.45
2.34
0.062
(0.05H.082)
2 .19  - r  O . t3
7.54
5 . 1
(4.49-s.93)
4.28 -r O.29
4.34
o.o27(o.o24-o.o34)
3 .34 ' r  O .22
6.94
0.055
(o.o424.O76)
2.O7 1- O.t3
1o.44
'mg/liter.
'   9570 confidence limits.
3 Resistance ratio : LCn. field strain/LC$ susceptible strain.
a LC,. significantly different from Rock (S) strain based on failure of 95Eo confidence limits to overlap
ffrench-Constant and Bonning (1989). Briefly,
7O pl of the original homogenate (see esterase
procedure above) were diluted with 0.I M
phosphate buffer (pH 7.5) and O.5Vo Triton X-
100. Enzyme activity was determined on indi-
vidual insects by using propoxur (2 mM) or
paraoxon (8 mM) as inhibitors. Results were
read spectrophotometrically after 15 and 30
min at 414 nm. The percentage of AChE re-
maining uninhibited was expressed in relation
to normal control activity.
Statistical analysis of esterase values was
done by analysis of variance (ANOVA) using
Minitab Program (Ryan and Joiner 1994). Fish-
er's least significant difference (LSD) test was
used to separate means at ct : O.05 (SAS In-
st i tute 1985).
RESULTS
Dingnostic dose tests: The susceptible refer-
ence strain showed complete larval mortality
with all insecticides and 67o survival for mala-
thion in adults (Tables 1 and 2). Survival was
attributable to aging of the impregnated papers
used. Low mortality in larvae was exhibited by
both field strains toward DDT and confirmed the
presence of high resistance to this insecticide.
High mortality (94-lOOVo) was obtained with
fenitrothion and fenthion against adults and lar-
vae in field strains, which suggested the absence
of any appreciable amount of resistance to these
insecticides. However, l8OVo morlality was ob-
tained with the remaining insecticides in larvae
as well as adults, which suggested that resistance
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Table 4. Synergism of insecticides by DEF or pb on early 4th-instar larvae of Aedes aegypti
susceptible (Rock) and field (Coro and Maracay) strains.
Strain
Chemical CoroRock Maracay
Chlorpyrifos + DEF LCe5'
FL2
Slope (b) + SE
SRnr'
Propoxur + PB LCe5
FL
Slope (b) + SE
SRn,
Permethrin + PB LCe5
FL
Slope (b) + SE
SRn,
Permethrin + DEF LCr5
FL
Slope (b) t SE
SR,,
\-Cyhalothrin + PB LC,5
FL
Slope (D) + SE
SR,,
tr-Cyhalothrin + DEF LCe5
FL
Slope (b) + SE
S&'
0.0017
(0.0o14-{.0022)
3.47 + O.29
4.9
0.33
(0.089-r .31)
9.22 + 7.7
3 .6
0.0013
(0.001r-0.0017)
3.O3 'r O.23
3 .0
0.0025
(0.00214.0032)
2.75 + O.77
1 . 6
0.0015
(0.00r2-o.0019)
2.54 + O. t6
3.5
0.0055(o.oo4s-0.0070)
2.37 + O.14
0.96
0.004
(0.0035-0.0049)
3.18 -f 0.20
l 5
o.99
(o.87-r.21)
3.62 + 0.36
5.7
0.009
(0.007e-0.012)
2.95 + O.23
2.7
0 .017
(0.0032-0.1 )
2.O9 + O.73
1 . 4
0 .017
(0.014-0.023)
2 .03  +  0 .11
2 . 1
o.o47(0.034-0.079)
2.59 'r O.24
o.76
0.0028(0.oor6--0.0o53)
2.88 -f 0.35
22
0.66
(o.22-r.83)
5 . l o  +  l . 5 l
7.7
0 .01 I
(0.0068-0.018)
2.42 + O.27
2.6
o.o25
(0.0121-0.047)
2.17 -r 0.26
l   l
o.oo74
(0.0o58-0.01)
1.67 - f  O. lO
7.4
0.037
(0.030-0.048)
1 .87  +  0 .10
1 . 5
rmg/liter.
'   957o confidence limits.
r Synergism ratio : LC$ insecticide alone/LC$ insecticide in the presence of synergist. For LCn, of insecticide alone se Ta-
ble 3.
to OP, carbamate, and pyrethroid insecticides
was present in these populations.
Bioassay tests for resistance: In view of the
results of the diagnostic dose (DD) tests, 7 in-
secticides were chosen for complete bioassays
(Table 3). From the resistance ratios obtained at
LCe5, it was evident that both field strains pos-
sessed moderate levels of resistance toward
chlorpyrifos (OP) as well as toward the pyre-
throids permethrin and \-cyhalothrin. Resistance
was relatively low (<5-fold) toward the remain-
ing organophosphates (temephos, malathion, and
pirimiphos methyl) and the carbamate propoxur.
Synergism /€sls.' Insecticides tested with syn-
ergists were those for which resistance was
greater than 5-fold (i.e., chlorpyrifos, propoxur,
permethrin, and \-cyhalothrin) (Table 4). A high
degree of synergism of chlorpyrifos by DEF was
obtained from both field strains and revealed
that esterases played a significant role in chlor-
pyrifos resistance. Likewise, tests of propoxur
with pb produced >S-fold synergism in these
field strains and indicated that resistance de-
pended on multifunction oxidase (MFO) activi-
ty. Piperonyl butoxide (pb) showed slightly low-
er synergism ratios (SR) with permethrin on
Coro and Maracay strains compared with Rock.
Similar results were observed with DEF Ab-
sence of substantial synergism by pb or DEF
indicated the lack of any significant role by
MFO or nonspecific esterases in resistance to-
ward permethrin in these field strains. Absence
of synergism by pb and DEF was also evident
for \-cyhalothrin in the Coro strain. No syner-
gistic effect by DEF was noted in the Maracay
strain with \-cyhalothrin; however, 7.4-fold syn-
ergism was observed with pb.
Biochemical tests for resistance: Filter paper
tests showed significant differences (P : 0.05) in
nonspecific esterases between susceptible and field
strains (Thble 5). Likewise, microtiter plate assays
showed significant differences (P : 0.05) in es-
terase activity between Rock and Coro strains (fa-
ble 6). Esterase activity distribution of the Coro
strain overlapped the activity distribution of the
Rock susceptible strain within the range of 0.8-
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Table 5. Esterase activity determined by fllter
paper tests on adults of Aedes aegypti
susceptible (Rock) and field (Coro and
M".*"Vt rtr"i*
Esterase activityl
Table 6. Specific esterase activity determined
by microtiter plate assays on single female
Aedes aegypti of susceptible (Rock) and field
<C.-t ttt"t*
Esterase activitvl
Mini- Maxi-
mum mum
value valueStrain Mean + SE2
Mini- Maxi-
mum mum
value value Strain Mean t SE' 
Rock 150 0.07 + 0.003a 0.00 0.16
Coro 90 0.09 -r 0.005b O.Ol2 O.25
Maracay 90 0.11 -f 0.004b 0.011 0.22
rEsterase activity measured as optical density.
'  Means within colms followed by the sme letter ile not
significantly different (P : 0.05, LSD test).
1.6 nmoles of ct-NA (Fig. l). Most (787o) Rock
individuals showed esterase activity in this range.
In contrast, the majority of Coro individuals (647o)
had esterase activity greater than 1.6 nmoles of a-
NA. Howeven, alteration in sensitivity of AChE
was not observed toward OPs and carbamates and
therefore resistance was not associated with insen-
sitive AChE (Figs. 2 and 3).
DISCUSSION
Moderate levels of resistance (5- to l0-fold)
in Coro and Maracay field strains obtained by
0.839 -f O.O25a O.O2l l.6l
1.931 - i -  o . t22b 0.881 8.16
I Esterase activity expressed as nmoles of c-naphthyl acetate
hydrolized/min/pg protein.
' Means followed by the same letter are not significmtly dif-
ferent (P = 0.05, LSD test).
dose-response lines were in agreement with the
high survival rates indicated by DD tests. Resis-
tance spectra in both strains extended to OP, car-
bamate, and pyrethroid insecticides.
Resistance to malathion, temephos, and pro-
poxur in field strains was (5-fold, and was in
agreement with earlier results on collections
from these areas during 1982-85 (Georghiou et
al. 1987). Resistance to these insecticides ap-
peared to be present at low levels with no sub-
stantial increase during the past 10 years. As
adulticidal applications of malathion have been
made for more than 25 vears. the low level of
Rock 72
Coro 72
o
o
o
.=
=
ct
oo
E
o
o
-o
E
z
1 0
0
1 .2 1 . 6 2.O 2.4 2.8 3.2 3.6 8.2
Esterase Activity
(nM/min/ug/protein)
Fig. 1. Frequency distribution of esterase activity in individual adult Aedes aegypti, Rock and Coro strains.
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Fig. 2. Frequency distribution of residual acetylcholinesterase activity in the presence of propoxur, in indi-
vidual adult Aedes aegypti, Rock and Coro strains.
o.2 8.2 14.2
% Residual AChE Activity
Fig. 3. Frequency distribution of residual acetylcholinesterase activity in the presence of paraoxon, in indi-
vidual adult Aedes aegypti, Rock and Coro shains.
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resistance observed (<3-fold) suggested that a
significant portion of the adult population had
been spared treatment.
Resistance to chlorpyrifos in the field strains
was higher than to temephos and pirimiphos
methyl. Indeed, Rawlins and Ragoonansingh
(1990) reported high levels of resistance to this
insecticide in Puerto Rico (5.86-fold), St. Lucia
(7.29-told), and Trinidad (9.14-fold). These pre-
vious results are in agreement with levels of
chlorpyrifos resistance reported in our present
study.
Resistance to the pyrethroids permethrin and
)r-cyhalothrin was found to be moderate (5- to
lO-fold). Pyrethroids have been incorporated in
the control program of Ae. aegypti in Venezuela
only during the past 4 years, but earlier studies
indicated that pyrethroid resistance was associ-
ated, in part, with resistance to DDT (Chadwick
et al. 1977, Prasittisuk and Busvine 1977). It is
possible that the pyrethroid resistance we ob-
served was a consequence of earlier exposure to
DDT and./or recent applications of these insec-
ticides. DDT use against Ae. aegypti in Vene-
zuela was suspended in the early 1960s, but it
is still being used for control of vectors of other
endemic diseases such as malaria.
Mechanisms of resistance in Coro and Mara-
cay strains toward propoxur were partially at-
tributed to MFO.
Resistance to permethrin and )t-cyhalothrin
was unaffected by DEF in both strains. Pipero-
nyl butoxide provided <8-fold synergism of \-
cyhalothrin only in the Maracay strain, and no
synergism for permethrin in either field strain
when compared with Rock. According to Kumar
et al. (1991), resistance to deltamethrin in a
strain of Ae. aegypti showed 84Vo dependency
on a monooxygenase mechanism. Likewise, Liu
et al. (1984) reported synergism ratios with pb
of6-fold, 3-fold, and l3-fold for permethrin, cy-
permethrin, and deltamethrin, respectively, in a
highly resistant strain of the diamondback moth,
P lute lla xyloste lla (Linn.).
Elevated esterases, but not altered AChE,
were found to be responsible for resistance to
chlorpyrifos using synergist and biochemical
tests. Because chlorpyrifos had not been used to
control Ae. aegypti in Venezuela, it is probable
that chlorpyrifos resistance had arisen by selec-
tion pressure with temephos or other OPs. Ac-
cording to Peiris and Hemingway (1990), a te-
mephos-selected strain of Culex quinquefascia-
/as Say from Sri Lanka showed varying degrees
of cross-resistance to OPs, among which cross-
resistance to chlorpyrifos was highest (37-fold).
Brown (1986) also reported cross-resistance be-
tween temephos and chlorpyrifos in a strain of
Aedes nigromaculis (Lldlow) from California.
Correlation between esterase activity and re-
sistance to OPs is well documented for a large
number of insects (Georghiou and Pasteur 1978,
Devonshire and Sawicki 1979, Georghiou et al.
1980, Devonshire and Field 1991). Eight ester-
ases have been recognized in OP-resistant Culex
species, based on their preference for a-NA or
p-NA (Georghiou and Pasteur 1978, Curtis and
Pasteur l98l).
Esterases involved in resistance to chlorpyri-
fos were investigated by the filter paper test and
microtiter plate assays. Both approaches re-
vealed statistical differences in esterase intensity
between Rock and field strains. Rees et al.
(1985) using filter paper test assays (Pasteur and
Georghiou 1989) were able to differentiate be-
tween susceptible and malathion-resistant Ae.
aegypti. Field et al. (1984) indicated that ester-
ases were present in OP-resistant Ae. aegypti
from Puerto Rico, even though they were not
solely responsible for resistance.
In light ofresults from this study, introduction
of biochemical tests in concert with convention-
al bioassay procedures in field control programs
should improve surveying of resistance and the
monitoring of the efficacy of insecticides.
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